Subantimicrobial Doses of Tetracycline
To the Editor:
The April issue of Arteriosclerosis, Thrombosis, and Vascular Biology contains an article by Brown et al regarding the use of "subantimicrobial doses of doxycycline" as an inhibitor of matrix metalloproteinases, using 40 mg of doxycycline (20 mg twice a day). 1 This group has claimed in the past and intimated in this article that such doses are too low to affect bacteria and hence will not disturb the indigenous microbial flora or induce or select microbial resistance. Such claims are simply inaccurate.
Such 20-mg, twice daily doses of doxycycline daily produce blood levels of 0.79 micrograms/mL (Ϯ0.285 micrograms/mL), as clearly stated by the proponents of this dosing for the "management" of periodontal disease. 2, 3 Doxycycline is effective in the management of infectious diseases at serum dose levels Ն0.04 micrograms per ml 4 and has been life-saving (infections caused by vancomycin-resistant enterococci and staphylococci) at blood levels of 0.06 to 0.25 micrograms/mL. 3 Tetracyclines are paramount in the antimicrobial armamentarium as promoters of microbial resistance gene transfer and as inducers of resistance gene expression. 3 Tetracycline resistance genes are also very commonly associated with the resistance genes for other antibiotics in integrons. 3 To select for one resistance gene is likely to select for all. Only nanomolar amounts of tetracycline are required to derepress the efflux system that forms their major mechanism for resistance. 5 Tetracycline stimulates colonic microbial resistance gene transfer in Escherichia coli which may only occur when the drug is present. 3 Microbes use nanograms of antibiotics to control their ecology, and to intimate that micrograms of the same drug are "subtherapeutic" for all microorganisms is nonsensical.
It is time to acknowledge that the antimicrobial therapy of cardiovascular disease is highly problematic because it may result in the loss of the macrolides and tetracyclines against major human killers such as Streptococcus pneumoniae. Tetracyclines are now the drugs of choice against community-acquired pneumonia, Helicobacter pylori, and rickettsial diseases, and as prophylaxis for malaria. A clear risk-benefit determination is in order.
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In Response:
We appreciate the interest of Dr Pallasch in our recent publication. However we are surprised that a manuscript that makes no claim regarding the impact of low doses of doxycycline on indigenous microbial flora or microbial resistance has stimulated his current letter.
Although the in vitro studies on limited numbers of isolates cited by Dr Pallasch have shown a number of multiple resistance mechanisms, this finding has never been found to have clinical relevance in human populations. In fact, review of national data (400 000 isolates) by electronic surveillance has shown exactly the opposite. 1 In tracking the sensitivity profiles to 23 different antibiotics in clinical specimens, patterns of tetracycline resistance have remained essentially unchanged after adjustment for CDC region, type of institution, consumption of tetracycline-containing food products, and the introduction of low-dose doxycycline for the treatment of periodontal disease (Periostat) in 1998. Furthermore, there was no evidence that tetracycline selected for cross-resistance. Nor did the development of tetracycline resistance promote the progression from cutaneous to blood-borne infection, indicating tetracycline resistance is neither a virulence factor 2,3 nor a survival factor. 4 Dr Pallasch seems unaware of the emerging science of Host Modulation Therapy (HMT) for chronic diseases in which biofilms are implicated in their pathogenesis. 5 The recognition of the importance of biofilms in the pathogenesis of cystic fibrosis, otitis media, endocarditis, periodontitis, and indwelling catheter infections has led to a new era of research and treatment in which a combination of anti-infectives and immune modulators are complementary in disease management. 6, 7 Subinhibitory concentrations of tetracycline and macrolide antibiotics have both been used successfully as biologic modifiers without any evidence of the development of clinically significant microbial resistance. 8 Finally, we agree with Dr Pallasch that construction of a riskbenefit ratio is always important when evaluating a potential new therapy. However, in this case it must be borne in mind that tetracyclines are rarely if ever used in the treatment of patients with life-threatening infections, and cardiovascular disease is the leading cause of death in industrialized nations. Thus, the risk-benefit ratio strongly favors further investigation of low-dose doxycycline to treat cardiovascular disease.
